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(54) Switching voltage regulator, having a driver circuit of a power MOS switch 



(57) The invention relates to a switching voltage reg- 
ulator Incorporating a driver circuit of a MOS power 
switch. Advantageously, the MOS switch Is fonmed of a 
plurality (n) of power transistors (Ml, M2» .... Mn) con- 
nected in parallel to each other. In particular, the first 

(Ml) of said plurality of transistors (Ml , M2 Mn) has 

larger sizes (W1) than the other transistors, or better 
still, the sizes (Wl) of the individual power transistors 
(Mi , M2 Mn) scale down (Wl • W2 S W3 ... S Wn). 



In this way, the equivalent dimensional parameter 
(W) of the power switch is greatly reduced by that the 
first and largest translator (M 1 ) is readily turned. This Is 
canled out without affecting the delh^ered cun^ent, which 
continues to be supplied by the remaining transistors 
(M2. Mn). 

Compared to the prior art solutions, this arrange- 
ment functions to modify the power switch own tanscon- 
ductance, which decreases as the transistors are turned 
off onward from the first (Ml). 
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Descr^on 
DESCRIPTION 

Field of the Invention 

[0001] This invention relates to a driver circuit for a 
MOS power switch incorporated in a switching voltage 
regulator. 

[0002] The setting of this invention is the development 
of a new family of devices fabricated with BCDV tech- 
nology, specifically a switching voltage regulator of the 
step-down type which hais a plurality of output currents 
and is associated with a current loop for a battery charg- 
er. The following description is made with reference to 
this technical field for the sake of simplicity only. 
[0003] Switching voltage regulators are widely utilized 
in many applications because of their efficiency and pre- 
cision features. These regulators Include, as their basic 
components: a transistor-based power switch, a loop- 
back diode, an LC output filter, and an optional cun^ent 
sensor for the battery charger. 

Prior Alt 

[0004] To be competitive, new-generation regulators 
must have ever higher switching frequencies, so that ev- 
er smaller external components can be employed to fill 
demands for both reduced circuit apace occupation and 
enhanced cost efficiency. In particular, these regulators 
should have the number of their extemal components 
reduced to a minimum. The frequency increase implies 
a limited regulator efficiency mainly because of the 
switching losses of the power switch. Accordingly, the 
most critical aspect of the regulator carrying out is its 
circuit portion devoted to driving the power switch, since 
switching losses are dependent on that portton. 
[0005] One of the problems faced by the driver circuits 
of such power switches is that of achieving a total re- 
duction of both static and dynamk; consumption, as well 
as a control of the current edges so as to minimize elec- 
tromagnetk: disturbance and avoid spurious operation 
due to any current limiters becoming activated at power- 
on. 

[0006] Another no less important problem is the pow- 
er switch stressing caused by the speed of the power 
on/off edges, and the presence of parasltk: RLC circuit 
portions in the load as well as the device itself. In a spe- 
cific applbation, bonding wires and board conduction 
paths would be connected in series with the source and 
the drain of the power switch. 
[0007] From physics, it is known that an inductor be- 
ing traversed by a current I would resist a sharp variation 
in the cun'ent by presenting an overvoltage at its heads, 
which is proportional to the inductance L value and the 
rate of variation of the cunrent, according to the following 
relation: 



AV = L(dI/dt). 

[0008] In switching voltage regulators, the current 
5 flowing through the power switch exhibits variations of 
several hundreds Amperes per microsecond, both at 
power-on and power-off phases. The parasitk: Induct- 
ance L of bonding wires may instead be as high as a 
few tens nH. It follows that, with the current edges being 
10 so fast, and because of the values of the parasitic in- 
ductance, overvoltages of even 10V may occur at the 
source and the drain of the power switch. 
[0009] if the regulator operates at the highest admis- 
sible input voltage, these overvoltages, by adding with 
f^ one another, can push the power switch transistor out- 
side its SOA (Safe Operating Area), possibly wrecking 
it by voltage breakdown. 

[0010] The phenomenon just described is bound to 
occur when either an N-channei or a P-channel MOS 

20 power transistor is used. 

[001 1 ] Figure 1 herein shows, by way of example, the 
schematte structure of a switching voltage regulator 1 
which comprises an N-channel MOS power transistor. 
The driver circuit 2 of such regulator has been optimized 

25 to minimize the effect of the ttnne taken to go through the 
loop-back diode, and in accordance with the teachings 
of US Patent No. 5,883,505 to the same Applicant. 
[001 2] The power-on edge is optimized essentially by 
having the gate of the power switch slowly charged until 

30 the loop-back on the diode D is over. This gate is then 
charged very fast to minimize switching losses. 
[0013] In this type of regulator, the critk^t switching 
edge is still the power-off edge, because in order to con- 
trol the cun-ent edge at power-off, it would be necessary 

35 to proceed in exactly the opposite way to the power-on 
situation. 

[001 4] In fact, in order to slow down the cun-ent edge, 
the power transistor gate would have to be discharged 
very slowly, and this is unfortunately in conflfct with the 

40 need of consumption minimization, while also present- 
ing practical difficutties because the power transistor is 
very large (W of a few tens mm), and when operating 
close to the threshold value, a few mV variation of the 
voltage Vgs between the gate and source terminals is 

45 enough to produce large variations of the drain Ipower 
cun-ent. The drive voltage of the power transistor should 
therefore be controlled in a very precise manner (within 
one mV). 

[0015] In other words, to handle the current edge at 
50 power-off and at the same time to achieve optimized ef- 
ficiency, Vgs of the power transistor should be quickly 
decreased until it nears the threshold value and then 
should be slowly and accurately varied within one mV. 
Producing a suitable circuit to fill this demand is practi- 
55 cally impossible with cunrent BCD technologies; in fact, 
components would be needed which can respond within 
a very short time (a few nanoseconds). And even where 
such components can be made available, it would be 
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necessary to have the voltage at the gate terminal varied 
very slowly and with a very high precision. (A few mV 
variation can result In a several Ampere variation occur- 
ring in the current.) 

[0016] The state of the art provides no circuital solu- 
tions which can meet both of the aforementioned re- 
quirements both at power-on and at power-off. It has 
been cunrent practice to try to overcome the cited prob- 
lem by driving the gate tenninal of the power transistor 
very slowly also during the first power-on phase, when 
this would be unnecessary. Shown in Figure 1 A are re- 
spective patterns 7, 8 of the Ipower current and of the 
voltage drop Vds for the circuit of Figure 1 , at the power- 
on and power-off stages thereof. 
[0017] This prior solution obviously results in in- 
creased switching losses and. hence, poorer overall ef- 
ficiency of the regulator. 

[0018] The underlying technical problem of this inven- 
tion is to contrwe a new type of driver circuit for a power 
transistor, which circuit exhibits appropriate structural 
and functional features to afford reliable handling of the 
overvoltage effects, caused by the speed of the cunrent 
edges during the switching, thereby to obviate the afore- 
mentioned drawbacks with reference to the prior art. 
[0019] In essence, the driver circuit of this invention 
is to ensure the same speed of response at the power- 
on as at the power-off edges, at the same time minimiz- 
ing consumption and avoiding to stress the power tran- 
sistor gate. 

Summary of the Invention 

[0020] The principle of this Invention is the one of pro- 
viding the power transistor which forms the power switch 
by means of a plurality of transistors which are connect- 
ed to each other in parallel and have scaled dimensions 
so that they can be independently driven. 
[0021] Based on this principle, the technical problem 
is solved by a voltage regulator as defined in Claim 1 
foil.. 

[0022] The features and advantages of a regulator ac- 
cording to this invention will be apparent from the de- 
scription of an embodiment thereof, given by way of non- 
limitative example with reference to the accompanying 
drawings. 

[0023] In the drawings: 

Brief Description of the Drawings 

[0024] 

Figure 1 schematically shows a switching voltage 
regulator realized according to the prior art. 

Figure 1 A shows a diagram reporting, in function of 
time, the voltage and the current signals present in 
the regulator of Figure 1 . 
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Figure 2 shows a schematic view of a switching volt- 
age regulator realized according to the present in- 
vention. 

s - Figure 3 shows a particular embodiment of the reg- 
ulator of Figure 2. 

Figure 4 shows a diagram reporting, In function of 
time, the voltage and the current signals present In 
10 the regulator of Figure 2 and compared with the sig- 
nals of the regulator of Figure 1 . 

Detafled Description 

15 [0025] With reference to the drawings, and particular- 
ly to Figure 2 thereof, a switching voltage regulator ac- 
cording to this Invention is overall and schematically 
shown at 10 In schematic forni. 
[0026] This regulator 1 0 is connected between a first 

20 Vin voltage reference of supply and a second ground 
reference, and comprises a power switch fomned by a 
MOS-type power transistor driven by a driver circuit 2. 
The power switch Is Intended to drive an electric load 
on a node OUT, and is associated with a current loop 

25 illustrated by a circuit LC having a loop-back diode D 
associated therewith. 

[0027] More particularly in this Invention, the power 
switch Is fomned of a plurality of power transistors Ml , 
M2, Mn-1 Mn which are connected In parallel to each 
30 other. 

[0028] Essentially, the power switch of the regulator 
has been split into a plurality of n switches obtained by 
conresponding power transistors Ml, M2,..., Mn which 
are connected in parallel to each other and are smaller 

35 than the single power transistor, which fomned the 
switch of the prior art. More partfculariy, calling Wtot the 
width required to obtain the desired internal resistance 
Ron at power-on conditions, the dimensions Wi of the 
Indh^idual power transistors Ml, M2,..., Mn are seated 

40 down such that: 

Wlot=2:"Wn, 

45 and 

W1*W2>W3...> Wn. 

50 [0029] The gate temiinals of each of then transistors 

Ml , M2 Mn are driven by a single driver circuit 2 such 

that the gate terminal of the largest transistor, M 1 , is dis- 
charged very fast, while the gate terminals of the other 
transistors, M2,...,Mn-1, Mn, of decreasing size are suit- 

55 ably driven by control circuit portions 4, 5, 6..., which are 
connected between the output of the driver circuit 2 and 
each respective gate temnlnal of the corresponding tran- 
sistor. 
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[0030] By employing these control circuit portions 4, 
5, 6,.., the size of the power transistors to be driven is 
allowed to decrease gradually, while also controlling the 
leading and trailing edges of the current 
[0031] In this way. the equivalent dimensional param- s 
eter W of the power switch is greatly reduced t)ecause, 
at power-off, the first transistor M 1 with the largest value 
W1 is readily turned off.. All this occurs without affecting 
the delivered current, since it keeps to be delivered by 
the remaining transistors M2,..., Mn. Also, with a re- io 
duced W, it becomes possible to control, In a finer way 
and with a wider margin, the edge of the current deliv- 
ered from the plurality of transistors Ml Mn, particu- 
larly when approaching the tripping threshold of the 
whole set of transistors. In fact, the control no longer is 
requires that just a few millivolts be monitored as in the 
prior art 

[0032] The control circuit portions may be implement- 
ed, for example, with appropriate delay blocks. Further- 
more, It would be perfectly possible to separately drive 20 
the n gate temninals and^or move the control of such ter- 
minals to a k>catk)n upstream of the driver circuit 2. 
[0033] Compared to the prior art solutions, with this 
structure the transconductance of the power switch is 
modified since it decreases as the transistors are tumed 2S 
off starting with M1 , and allows the voltage drop Vgs to 
be varied faster to obtain the same current edge. This 
obviously minimizes consumption and optimizes the en- 
tire system efficiency. 

[0034] This solution overcomes the problems men- 30 
tioned with reference to the prior art, and can be applied 
to N-channel as well as to P-channel topotogies. The 
theoretical diagram shown in Figure 2 relates to a P- 
channel topology, but it would be very easy for a skilled 
person in the art to adapt the diagram for an N-channel 3s 
topology. 

[0035] Referring to the example shown in Figure 3. a 
partteular embodiment 15 of the inventive regulator will 
now be descr9)ed. 

[0036] In this example, the power transistor has been 40 
split for simplicity's sake into two transistors M 1 , M2 on- 
ly. These transistors are connected in parallel to each 
other between the nodes Y and X, and their dimensions 
W1 and W2 are In agreement with the following rela- 
tk>ns: 45 



W. 



Ml 



n. W, 



M2» 



a parasitic capacitor Cgs present between the gate and 
source tenninals of the second power transistor M2. In 
this way, the larger transistor. Ml , Is tumed off very rap« 
Idly while the second transistor M2 keeps delivering the 
required cun-ent to the output circuit LC until the loop- 
back diode begins conducting. The Vgs voltage drop of 
the second transistor M2 is slowly decreased (according 
to an exponential function with a time constant t^F^Cgs) 
in these conditions, since the transconductance of the 
transistor M2 is small, and by an appropriate selection 
of n and R, the edge of the cun-ent (about SOA/^is) de- 
livered from the transistor M2 can be effectively control- 
fed. 

[0038] In the diagram of Rgure 4, it is shown a com- 
parison between the current edges 1,11 and the Vds volt- 
age at the heads of the power switch in the case in whfch 
said switch is fonned with a single transistor (curves 12 
and 9) in accordance with the prior art, or with the plu- 
rality of paralleled power transistors provided by this in- 
vention (curves 13 and 14), the driver circuit 2 being the 
same in both cases. It can be easily seen that, with the 
inventive structure, the cun^ent power-off edge is con- 
trolled such that the drain-source voltage of the power 
switch will never exceed its SOA limit (40V in the exam- 
ple). 

[0039] To achieve the same results by merely slowing 
down the driving, as is done in the prior art, conduction 
losses would occur and they would detract signrffcantly 
from the overall efficiency of the regulator. 



Claims 

1 . A switching voltage regulator incorporating a driver 
circuit of a MOS power switch, characterized In 
that said MOS switch is fomried of a plurality (n) of 
power transistors (Ml, M2, .... Mn) connected in 
parallel to each other. 

2. A voltage regulator according to Claim 1 , charac- 
terized in that the first (Ml ) in said plurality of tran- 
sistors (Ml , M2 Mn) has a larger size (W1 ) than 

the other transistors. 

3. A voltage regulator according to Claim 1, charac- 
terized in that the sizes (Wi) of the individual power 
transistors (Ml , M2, Mn) are scaled down (WI * 
W2^W3...>Wn). 



and 



50 4. 



TOT = W^^l +Wm2- 



[0037] The control circuit portion is essentially fonned 
essentially with a delay block which is implemented by 

an RC networic comprising a resistor R connected be- 
tween the gate temiinals of the transistors Ml , M2, and 
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A voltage regulator according to Claim 1, charac- 
terized in that the sizes (Wi) of the individual power 

transistors (Ml . M2 Mn) are scaled down such 

that: 



Wlot=2:j'\Wn. 



5. A voltage regulator according to Claim 1 , charac- 
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tertzed in that the first (Ml) of said plurality of tran- 
sistors {M1. M2, Mn) is directly driven directly 
from said driver circuit (2), while the other transla- 
tors (M2, Mn) are driven through respective con- 
trol circuital portions (4, 5, 6,...) connected between 5 
the output of the driver circuit (2) and each respec- 
tive gate terminal of the con-esponding transistor 

6. A voltage regulator according to Claim 6, charac- 
terized In that said control circuital portions (4. 5» 
6, ...) are delay blocks. 

7. A voltage regulator according to Claim 6, charac- 
terized In that the transistors (Ml .... Mn) of said 
plurality are aranged in a decreasing order of is 
transconductance. 

8. A voltage regulator according to Claim 1 , charac- 
terized In that the transistors (Ml, .... Mn) of said 
plurality are all of the same N-channel or P-channel 20 
type. 

9. A voltage regulator according to Claim 1 , charac- 
terized In that it comprises a pair of transistors (Ml, 
M2) only, of which the first (Ml) is n times larger 2s 
than the other (M2). 

10. A voltage regulator according to Claim 9, charac- 
terized in that an RC delay block is connected 
across the gate tenminals of said transistor pair (Ml, 30 
M2). 
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FIG. 2 
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